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(57) Abstract 

A transmitter for a 
cellular phone comprising 
an antenna and being 
operable at a first radio 
frequency band and a 
second radio frequency 
band is disclosed. The 
transmitter comprises a 
first power amplifier and 
a second power amplifier, 
one of which is active at 
a time. The first power 
amplifier has an input for a 
first signal at the first radio 
frequency band, an input 
for a fiist control signal 
and a first output for an 
amplified first signal. The 
first output is connectable 
to die antenna. The second 
power amplifier has an 
input for a second signal at 
the second radio finequency 
band, an input for a second 
control signal and a second 
output for an amplified 
second signal. The second 
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output is connectable to die antenna. The transmitter further comprises a single control module associated with the first and second outputs 
of the power amplifiers. TTie control module generates a coiitrol signal for the active power amplifier. The control signal forms part of 
a feedback control loop, and is a function of the amplified signal output from the active power amplifier and a refmnce signal which 
defines a desired characteristic of the amplified signal. 



: <W0^9967893A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under die PCT. 



AL 


Albania 


ES 


Spain 


LS 


AM 


Aimcnia 


FI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Heizegovina 


6E 


Georgia 


MD 


BB 


Barbados 


GH 


Gliana 


MG 


BE 


Belgium 


GN 


Guinea 


MK 


BF 


Burkina Faso 


GR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Central African Republic 


JP 


Japan 


NE 


CO 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


a 


C6te d*Ivoiiie 


KP 


DemocFBtic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


i^L . 


CN 


China 


KR 


Republic of Korea 


FT 


CU 


Cuba 


KZ 


Kazalcstan 


RO 


cz 


Czech Republic 


LC 


Saint Luda 


RU 


DE 


Germany 


U 


Liechtenstein 


SD 
SE 


OK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

RepaUic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Flederation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turlancnistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



BNSOOCID: <WO 9g67B93A1 I > 



wo 99/67893 



PCT/US99/1404S 



DUAL BAND CELLULAR PHONE WITH TWO POWER AMPUFIERS 
AND POWER CONTROL CIRCUIT THEREFORE . 

Background of the invention 

The invention relates to ceDular phones used in mobile communications systems. More particularly, the invention 
5 relates to a circuit and a method for controlling electrical characteristics of a signal transmitted by a dual band cellular 
phone. 

Usually, cefluiar phones are desiped to operate within the environment of one of several mobile communications 
networks. One example of such an environment is a mobile communications network according to a standard known as 
GSM (Global System for Mobile communications) created by the European Telecommunications Standards Institute (ETSI). 
10 in GSM, there is an assigned frequency band around 900 MHz for Standard GSM, and an assigned frequency band around 
1800 MHz for DCS180Q (Digital Communications System, DCS) which can be considered to be a further mobile 
ccmimunications environment. Other environments include systems known as Advanced Mobile Phone Syst&n (AMPS) 
operating in a frequency band around 800 MHz, and as Personal Communications System (PCS) operating in a frequency 
band around 1900 MHz. 

15 As the number of users of cellular phones increases, some operators have added capacity to their networks by 

including more than only one frequency band in their networks. In the case of the GSM system, for example, the frequency 
bands around 900 MHz and 1800 MHz are now used to expand the capacities of certain networks. 

Manufacturer of cellular phones, therefore, are developing a new generation of cellular phones which are 
operable at for example, two frequency bands. A cellular phone operable at two frequency bands is referred to as a dual 

20 band cellular phone« As the dual band cellular phone has to transmit signals at both frequency bands, duplication of 
functions is required. Duplication of functions, however, leads to higher manufacturing costs and ultimately to higher 
prices for the dual band cellular phones. 

Summary of the Invention 

There is therefore a need to keep the manufacturing costs caused by the duplication as low as possible. Further, 
25 there is a need to minimize size of dual band cellular phones because users have come to expect single band cellular phones 
to be small and to have an attractive design. 

An aspect of the invention involves a transmitter for a cellular phone comprising an antenna and being operable at 
a first radio frequency band and a second radio frequency band. The transmitter comprises a first power amplifier and a 
second power amplifier. The first power amplifier has a first input for a first signal at the first radio frequency band, a first 
30 control input for a first control signal, and a first output for an amplified first signal. The first output is connectable to the 
antenna. The second power amplifier has a second input for a second signal at the second radio frequency band, a second 
control input for a second control signal, and a second output for an amplified second signal The second output is 
connectable to the antenna. The transmitter further comprises a control module which is connectable to the first and 
second control inputs, and is configured to input a portion of an amplified signal into the control module. The control 
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module generates a control signal to control one of the power amplifiers. The control signal is a function of the portion of . 
the amplified signals and a reference signal. 

Another aspect of the invention involves a cellular phone operable at a first radio frequency band and a second 
radio frequency band. The cellular phone comprises a transmitter having first and second power amplifiers and a single 
5 control module which is configured to control one of the power amplifiers at a time. 

A further aspect of the invention involves a control module for controlling two power amplifiers in a cellular 
phone. The control module comprises a logarithmic detector and a differential amplifier. The logarithmic detector has an 
input for receiving a portion of an amplified signal and an output for a detector signal corresponding to the portion. The 
differential amplifier has an input for receiving a reference signal and an input for the detector signal. The differential 

10 amplifier generates an error signal which conresponds to a difference between the reference signal and the detector signal. 
The control module further comprises an integrator and a shaping circuit. The integrator integrates the error signal and 
generates an integrated error signal. The shaping circuit weights the integrated error signal in accordance with a preset 
characteristic to generate the control signal which equalizes nonlinear amplification characteristics of the power amplifiers. 
An additional aspect of the invention involves a method for controlling electrical characteristics of a signal 

15 transmitted by a dual band cellular phone. The method comprises the step of providing a dual band transmitter which 
comprises a single control module and first and second power amplifiers which can be connected to an antenna. One of the 
first and second power amplifiers is activated at a time, and an RF signal is fed to the activated power amplifier. The 
activated power amplifier amplifies the RF signal and feeds the amplified RF signal to the antenna. A portion of the 
amplified RF signal is coupled from the amplified signal fed to the antenna and fed to the single control module. Within the 

20 control module, the portion of the RF signal is detected. The detected signal is compared with a reference signal to 
generate a control signal for the activated power amplifier. The generated control signal is fed to the activated power 
amplifier to provide an amplified RF signal whidi is in accordance with a desired signal characteristic defined by the 
reference signal. 

Brief Description of the Drawings 
25 The above-mentioned and other features of the invention wiH now be described with reference to the drawings of 

a preferred embodiment of the power control circuit comprised in a dual band cellular phone. In the drawings, the same 
components have the sme reference numerals. The illustrated embodiment is intended to illustrate, but not to limit the 
invention. The drawings contain the following figures: 

Figure 1 is a schematic illustration of a cellular phone cut away to show a portion of the motherboard; 
30 Figure 2 is a simplif ied illustration of a transmit path of the cellular phone shown in Figure 1; 

Figure 3 is a schematic illustration of a first embodiment of a dual band transmitter for a cellular phone made in 
accordance with the present invention; 

Rgure 4 is a block diagram of a first embodiment of a control module included in the dual band transmitter of 

Figure 3; 

35 Figure 5 is a graph of a preferred transfer function of a compensator included in the control module of Rgure 4; 
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Figure 6 is a simplified schematic of the compensator shown in Figure 
Rgure 7 is a block diagram of a logarithmic RF detector; 
Figure 8 shows the logarithmic RF detector in greater detail; 

Figure 9 is a block diagram of a second embodiment of a Aial band transmitter for a celhilar phone made in 
5 accordance with the present invention; 

Figure 10 is a block diagram of a second embodiment of a control module inchided in the dual band transmitter of 
Figure 9; and 

Rgure 11 is a block diagram of a power amplifier included in the second embocfiment of the dual band 
transmitter. 

10 Detailed Description of the Preferred Embodiment 

A mobile communications system, for example according to the GSM standard, is structured to have a variety of 
individual regions called cells, and to comprise a variety of fixed transmitter stations called base stations, and a plurality of 
mobile stations, the cellular phones. Usually, one base station defmes one cell aid handles telephone traffic to and from 
cellular phones which are currently located in the cell. 

IS Figure 1 schematically illustrates a dual band cellular phone 3 made in accordance with the invention including an 

antenna Z A portion of the case of the dual band cellular phone 3 is cut away to show a motherboard 5 of the cellular 
phone 3 with a dual band transmitter 1 positioned thereon. Although not shown in Figure 1, those skifled in the art will 
appreciate that the cellular phone 3 comprises a plurality of other components and functional modules, such as the 
components of a receive path and a transmit path. The cellular phone 3 further includes a display and a keypad. 

20 The receive path of such a dual band cellular phone 3 includes a radio frequency (RF) receiver, an analog-to-digital 

converter, a demultiplexer and a demodulator. The transmit path comprises a multiplexer, modulator, digital-to-analog 
converter and an RF transmitter. Further functional modules include, for example, a channel coder/decoder and a speech 
coder/decoder. Both the RF receiver and the RF transmitter are usually connected to the antenna 2 by means of a diode 
switch which connects the antenna 2 either to the RF receiver or to the RF transmitter. 

25 The RF transmitter comprises an amplifier stage for amplifying the RF dgnals according to electrical 

characteristics, for example, a defined power level versus time profile and a defined spectral mask, before the RF signals 
are fed to the antenna 2 and emitted as radio signals. The spectral mask and the power level versus time profile are 
defined in GSM Technical Specification GSM 05.05, July 1S96, Version 5.2.0, entitled "Digital cellular telecommunications 
system (Phase 2+); Radio transmission and reception". Paragraph 4.Z2, and Annex B. 

30 Figure 2 illustrates a simplified embodiment of the transmit path of the dual band cellular phone 3. Within the 

cellular phone 3, a processing module 7 and the dual band transmitter 1 including two power amplifiers are positioned on 
the motherboard and mterconnected between the antenna 2 and a microphone 9 of the cellular phone 3. In this simplified 
illustration, the processing module 7 performs most speech and signal processing in a transmit direction, for example, voice 
encoding and channel encoding. The signal processing further includes modulating an RF carrier of either 900 MHz or 1800 

35 MHz in the present embodiment with the processed speech signal. 
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Figure 3A shows a simplified block diagram of the dual band transmitter 1 shown in Figure 1. The dual band . 
transmitter 1 includes two power amplifiers 4, 6 connected to the antenna 2. The power amplifiers 4, 6 receive an RF 
signal from an RF signal source (not shown) located within the cellular phone 3. For instance, the RF signal source may be 
included in the processing module 7 shown in Figure Z In the illustrated embodiment the RF carrier advantageously has a 

5 frequency of 900 MHz or 1800 MHz depending on which RF carrier {GSM900 or DCSI 800) is chosen. 

The power amplifiers 4, 6 are associated with a controller (not shown) located on the motherboard 5 shown in 
Figure 1 . This controller monitors and controls the power amplifiers 4, 6 to ensure that an ampBf ied RF signal output from . 
an activated power amplifier 4, 6 conforms, for example, with the defined output power level versus time profile (GSM 
05.05). The controller compares the power of the RF signal fed to the antenna 2 with a reference signal and generates a - 

10 control signal to control the active power amplifier 4, 6. Thereby, the active power amplifier 4, 6 and the controller form a 
feedback control loop, for example, a second order type 1 control loop. 

In the illustrated embodiment, the power amplifier 4 operates at a frequency band around 900 MHz, and the 
power amplifier 6 operates at a frequency band around 1800 MHz. The power amplifier 4 may advantageously be the 
same as a power amplifier device RF130 available from Rockwell Semiconductor Systems as Order No. W229. The 

15 integrated amplifier circuit of the power amplifier device includes a three-stage amplifier with heterojunction bipolar 
transistors in Gallium Arsenide (GaAs) technology. The power amplifier 6 may advantageously be the same as a power 
amplifier device RF230 available from Rockwell Semiconductor Systems as Order No. W225. The integrated amplifier 
circuit of the power amplifier 6 also includes a three-stage amplifier with heterojunction bipolar transistors in Gallium 
Arsenide (GaAs) technology. Those skilled in the art will appreciate that other power amplifiers operating at these 

20 f reguency bands can be used. 

The power amplifier 4 receives an RF signal RFGSM, and the power amplifier 6 receives an RF signal RFDCS. 
However, those skilled in the art will appreciate that the power amplifiers 4, 6 can operate at another pair of frequency 
bands, for example, 900/1900 MHz. Because the cellular phone 3 can operate at the two frequencies, it is referred to as a 
dual band cellular phone. However, it is contemplated that only one power amplifier 4, 6 is active at a time. 

25 Although the specific embodiments of the dual band transmitter 1 are described with reference to a dual band 

cellular phone, it is further contemplated that the invention is also applicable to cellular phones which can operate at more 
than two different frequency bands. These frequency bands may include those assigned for AMPS or PCS, or newly 
assigned frequency bands for mobile communications systems. 

Which frequency band the ceHidar phone 3 uses to communicate with the base station s detemnned by external 

30 factors. That is, a user may deliberately set the cellular phone to operate in one of the two frequency bands depending on 
the nrobile communications system (6SM900, DCSI 800, 6SM1900) the user chooses. Altemativeiy, the frequency band 
of the cellular phone 3 can be determined by the base station which currently serves the celhilar phone 3. Depending on 
the current telephone traffic in the cell served by the base station, a dynamic change of the frequency band may be 
necessary to allow more telephone traffic In this case, the base station causes the cellular phone 3 to operate in one of 

35 the two frequency bands. 
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Figure 3B shows a block diagram of a first embodiment of the dual band transmitter shown in Figure 3A 
associated with a control module. An output 16 of the power amplifier 4 is connected to a first input of a diplexer 19, and 
an output 18 of the power amplifier 6 is connected to a second input of the diplexer 19. An output of the diplexer 19 is 
connected to an input 20 of an RF coupler 12, and an output 22 of the RF coupler 12 is connected to tiie antenna Z 
5 Accordingly, each power amplifier 4, 6 can be connected to the antenna 2 via the diplexer 19. The dpiexer 19 connects 
only one of the power amplifiers < 6 at a time to the RF coupler 12, and prevents that an RF signal from an active power 
amplifier 4, 6 is fed to the output 16, 18 of the inactive pow^ mplifier 4, 6. 

The dual band transmitter 1 further includes a control module 8 which controls the power ampliffers 4, 6 so that 
for example, the prescribed power level versus time profile as defined in the GSM standard (GSM 05.05) is achieved and 

10 maintained. For illustrative purposes, the control module 8 is shown as having a switch 14 and a controller 10. However, 
those skilled in the art will appreciate that the iDustrated division of the control module 8 is random and that other divisions 
are possible. The switch 14, which is controllable through an electrical signal, is connected to an input 24 of the power 
amplifier 4 and to an input 26 of the power amplifier 6. The control module 8 receives input signals and generates an 
output signal which is fed to an input 28 of the switch 14. The signals which the control module 8 receives include a 

15 signal ENABLE, a reference signal REF and a coupled RF signal CS. Besides the signal from the controller 10, the switch 
14 receives a control signal SEL which operates the switch 14 between a first and second switch state to allow control of 
either the power amplifier 4 or the power amplifier 6. Preferably, the switch 14 is an electronic switch such as a diode 
switch. 

In the illustrated preferred embodiment of the transmitter 1, the power amplifiers 4, 6 are controlled by a single 
20 control module 8. Thus, the power ampOfiers 4, 6 share one control module 8 so that no duplication of control circuits is 
necessary resulting in cost savings for dual band cellular phones. By means of the control signal SEL, the control module 8 
controls either the power amplifier 4 or 6. Thus, the control module 8 is part of two separate feedback control loops. 

The RF coupler 12, for example, is a directional coupler which couples a portion CS, for instance -20 dB of a 
GSM signal and -15 dB of a DCS signal, of the amplified RF signal out and inputs this coupled portion CS of the amplified 
25 RF signal to the controller 10. Therefore, when the power level of the amplified RF signal changes, the power level of the 
portion CS changes also. Advantageously, the RF coupler 12 is made of two adjacent microstrips. The first microstrip is 
part of a trace connecting, via the diplexer 19, the power amplifiers 4, 6 and the antenna 2 and guiding the amplified RF 
signaL A portion of the amplified RF signal couples from the first microstrip to the second microstrip. This portion 
constitutes the coupled portion CS as stated above. The second microstrip guid^ the portion CS to the controller 10. The 
30 coupling efficiency of such an RF coupler 12 is determined by a spacing between the two microstrips and a length of the 
second microstrip with respect to the first microstrip. The second microstrip is on one end terminated with 50 ohms. At 
the end of the second microstrip, which is associated with the diplexer 19, a resistive attenuator and a filtering circuit are 
interposed between the coupler 12 and the contrails 10. The attenuator and the filtering circuit aiQust the power level 
and the frequency response of the coupler signal CS. 
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As stated above, the frequency band which the cellular phone uses to communicate with the base station is . 
determined by external factors. An internal central controller (not shown) of the cellular phone 3 selects the RF carrier and 
generates the control signal SEL depending on these external factors. The control signal SEL controls the switch 14 to 
connect the controller 10 to the power amplifier 4 or to the power amplifier 6. As soon as the controller 10 is connected 
5 to one of the power amplifiers 4, 6 the respecthre power amplifier 4, 6 is activated while the other power amplifier 4, 6 
remains deactive or is deactivated* 

Rgure 4 is a block diagram of a preferred embodiment of the control module 8 shown in Figure 3B. The control 
module 8 receives the coupled RF signal CS and the signals REF, SEL and ENABLE. The control module 8 comprises a serial 
arrangement of an RF detector 30, a differential amplifier 32, an integrator 36 and a compensator 38. The coupled RF - 

10 signal CS is input to the RF detector 30 which outputs a DC voltage that directly corresponds to the power level (in dBm) 
of the coupled RF signal CS and thereby indirectly to the amplified RF signal. Further, the properties of the RF detector 30 
are preferably such that the DC voltage does not depend on the frequency of the input (coupled) signal CS, for instance, 
900 MHz or 1 800 MHz in the described embodiment. 

The differential amplifier 32 compares this DC voltage with a vohage of the control signal REF and outputs an 

15 error signal (voltage) which is proportional to the difference (error) between the signals CS and REF. The reference signal 
REF has a shape which corresponds to the "ideal" power level versus time profile. Thus, the ideal and the actually emitted 
power level versus time profiles are compared. 

The integrator 36 comprises an operational amplifier 37 and a capacitor 34 which determines a time constant of 
the integrator 36. For example, the time constant is about 1 millisecond which corresponds to a cut off frequency of about 

20 1 kHz. The integrator 36 outputs a signal which corresponds to the accumulated difference between the control signal 
REF and the coupled signal CS, i.e., the error signal. It is contemplated that a positive en-or (i.e, the reference signal REF is 
larger than the detected coupled portion CS of the RF signal) is added to, and that a negative error (i.e., the reference signal 
REF is smaller than the detected coupled portion CS of the RF signal) is subtracted from the accumulated enror signal. 

Ideally, the transfer functions of the power ampfifiers 4, 6 are such tiiat the output power levels of the RF 

25 signals are proportional to the control signals input to the inputs 24, 26 of the power ampBfiers 4, 6, respectively. 
However, power amplifiers typically do not have a linear transfer function but a nonlinear transfer function. As the output 
power from the power amplifier 4, 8 increases, a given change of the control signal applied to the inputs 24, 26 produces a 
smaller change in the output power of the power amplifier 4, 6. 

The compensator 38 generates a compensation signal COMP which serves to compensate for such nonlinearities 

30 of the transfer functions of the power amplifiers 4, 6. The compensator 38 inchjdes a circuit which weights the 
accumulated error signal in accordance with a shaping transfer function. A graph of an advantageous shaping transfer 
function is shown in Figure 5 wherein die output voltage is a function of the input voltage V;^ The illustrated graph, 
which has approximately a wave-like shape along a Gne with a positive slope, generally shows that the greater the 
accumulated error signal, the more gain is appBed to the signal. This shape approximates a function which is 

35 complimentary to the transfer function of the power ampOfiers 4, 6 such that a linear function is achieved. The feedback 
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control loop formed by one of the power amplifiers 4, 6 and the control module 8 which includes the compensator 38, 
therefore, maintains a constant loop gain of about 40 dB. 

The compensator 38 is connected to the switch 14 wMch is controlled by the control signal SEL. Depending on 
the position of the switch 14, the compensation agnal COMP is either input to a driver amplifier 40 for GSM900 operation 

5 or input to a driver amplifier 42 for 0CS1 800. operation. The driver ampGf ier 40 is connected to the power amplifier 4, and 
the driver amplifier 42 is connected to the power ampfifier 8. The driver amplifiers 40, 42 output sgnals, drhre currents, to 
control the respective power ampfifiers 4, 6. For instance, an increasing signal controls the power ampfifier 4, 6 to 
increase the power level of the amplified RF signal. For instance, the driver amplifier 40 allows a maximal drive current of 
about 100 milliamperes in case a Rockwell RF130 power amplifier 4 is used, and the driver amplifier 42 allows a maxbnum 

10 drive current of about 80 milliamperes in case a Rockwell RF230 power amplifier 6 is used. The driver ampfifiers 40, 42, 
therefore, limit the drive currents to upper limits to avoid excessive heating of the power amplifiers 4, 6. 

The control module 8 has two switchabie outputs which allows to provide two separate cunrent Mts for the 
power amplifiers 4, 6. Because the control module 8 is switchabie, it is part of two feedback control loops, each including 
one power amplifier 4, 6. The control module 8, therefore, adjusts each loop gain independently. 

15 As it is known in the art, there are two electrical specifications in signal transmission, single-ended and 

differential. The sing}e-ended version uses a single fine for each signal, referenced to a common ground. The differential 
version uses a pair of lines, sometimes referred to as "positive" and "negative", to differentiate actual signals from noise. 
Those skilled in the art will appreciate that the components of the control module 8 can be implonented in the single-ended 
version or the differential version depending on the requirements regarding noise. Figures 4, 7, 8, 10 and 11, therefore, 

20 show embodiments in the single-ended version for illustrative purposes, whereas Figure 6 shows a component of the 
control module 8 in the differential version. However, it is contemplated that the two versions are ^uivalent. 

A preferred embodiment of the compensator 38 is shown in Figure 6. The compensator 38 is implemented in the 
differential version. The compensator 38 has inputs V.,^, Vj„. for first and second accumulated error signals, and outputs 
Vout^' ^M- ^or first and second compensation signals. The compensator 38 is connected to ground and to a voltage supply 

25 providing a positive voltage. The compensator 38 comprises a first forward path generally formed by transistors 01, 04, 
05 and 08 for the accumulated error signal Vj„^, and a second forward path generally fanned by transistors 02, 03, 06 
and 07 for the accumulated error signal Vj^. Further, the compensator 38 comprises a first feedback circuit generally 
formed by transistors 09 and Q1 1 which are connected between the output of the first forward path and the input Vi„^ 
of the first forward path. Similarly, a second feedback circuit is generally formed by transistors 010 and 012 which are 

30 connected between the output Vout-*- of the second forward path and the input of the second forward path. The 

transistors 01-04, Q9-Q12 are npn transistors, and the transistors Q5-Q8 are pnp transistors, each having a base, a 

{■ 

collector and an emitter. 

In the first forward path and in the first feedback circuit, the transistors operate and are connected as set forth 
below. Those skDIed in the art w9l appreciate that the transistors of the second forward path and the second feedback 
35 circtnt operate and are connected conrespomfingly, as shown in Figure 6 and not described in greater detail herein. 
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The collector of the transistor Q1 is connected to a resistor R1, to the collectors of the transistors 09, Q11, and . 
to the base of the transistor Q4. The collector of the transistor Q4 is connected to the voltage supply, and the emitter of 
the transistor 04 is connected to a grounded resistor R2 and to the base of the transistor 05. The emitter of the transistor 
05 is connected to the voltage supply via resistors R3, R4, and the collector of the transistor 05 is connected to a 
grounded resistor R5 and to the base of the transistor 08. The collector of the transistor 08 is grounded and the emitter is 
connected to the base of the transistors 09, 01 1, and to the voltage supply via a resistor R6. The emitter of the transistor 
09 is connected to a grounded resistor R7, and the collector of the transistor 01 1 is connected to ground via resistors R8, 
R9. 

The resistors used in the compensator 38 are illustrated as passive resistors. However/it is contemplated that 
some of the resistors, for example, the resistors R2, R5, R6, R7, R9 can be implemented as active loads, for example, by 
means of bipolar transistors. 

The transistors 01, 03, 05 and 08 of the first forward path operate to amplify the input signal in 
accordance with a preset amplification factor. When a positive input voltage is applied to the base of the transistor 01, 
the transistor 01 is activated and an amplified version of the input voltage is applied to the base of the transistor 04 which 
operates as emitter follower. The activated transistor 04 draws a current which causes a voltage drop across the resistor 
R2 whereby the transistor 05 is activated. Similarly, the transistor 08 is activated drawing current through the resistor 
R6. 

The first forvvard path generates an output signal Ma^. which is proportional to the input signal Vi^^. As the 
emitter of the transistor 08 is connected to the base of the transistor 09 and 01 1, the drawn current or the voltage drop 
across the resistor R6 determines when the transistors 09 and 01 1 are activated. When the transistor 09 is active a 
current which depends on the output voltage M^ia the transistor 08 is drawn through the resistor R1 and the collector of 
the transistor 09 providing a negative feedback path which reduces the overall gain of the compensator 38. Because two 
serial resistors R8, R9 are connected to the emitter of the transistor 011, a higher base-emitter voltage is needed to 
activate the transistor 01 1 than to activate the transistor 09. Thus, with an increasing output signal M^a-, the transistor 
01 1 is activated after the transistor 09 is activated. When the transistor 01 1 is active, an additional negative feedback is 
applied to the compensator 38. 

Because the applied feedback is dependent on the output voltage the nonlinear transfer function can be 
generated by selecting the forward amplification and the amount of the feedback. 

The RF detector 30 (Hgure 4) receives a portion of the amplified RF signal which has a frequencies of 900 MHz 
or 1800 MHz and which is modulated by a speech or data signal. Such an RF signal must be detected before it can be 
processed. One example of an RF detector is a semiconductor diode which provides the amplitude of the RF signal 
However, RF detectors with a semiconductor diode have a relatively low dynamic range. Therefore, in applications where 
a high dynamic range is desirable, other RF detectors may be used. 

Rgure 7 shows an embodiment of an RF detector 30 which is preferably included in the control module 8 shown 
in Figure 4. The iUustrated RF detector 30 is a principal block diagram of a logarittmuc detector which provides a dynamic 
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range m excess of 50 dB. The RF detector 30 has an input S2 for receiving an RF signal (the coupled portion CS) and an 
output 94 for a DC voltage that corresponds to the power level of the RF signal CS. Advantageously,.the RF detector 30 
comprises four cascaded amplifiers 44, 46, 48, 50. Each amplifier 44-50 has a gain which is adjusted with respect to the 
rmnaining amplifiers 44-50 such that successive amplifiers 44-50 saturate at progressively higher power levels. As the 

5 power level increases after each amplifier 44-50, successive amplifiers saturate thereby reducing the rate of increase of 
the output voltage of the RF detector: Each amplifier output is connected to a detector 52, 54, 56, 58 whose output is 
connected to an adder 60 which sums all detected outputs of the amplifiers 44-50 thereby generating the output signd 
(OUT) of the logarithmic detector which is input to the differraitial anqififier 32 shown in Figure 4. 

The logarithmic detector is used in a feedback control loop, which includes the first power ampfifier 4 or the 

10 second power amplifier 6, to control the power transmitted by the active power amplifier 4, 6. Besides that the 
logarithmic detector provides a wider dynamic range (greater than 50 dB in the illustrated embodiment) compared to a 
conventional diode detector, the logarithmic detector provides a linear voltage response. Such a wider dynamic range 
allows the power feedback control loop to remain In lock over a wider dynamic range which is of advantage as the GSM 
standard specifies power levels within a range of 70 dB (minimum to maximum). Further, the linear voltage response 

1 5 allows a simple linear transfer of the reference signal to the profile of the power output. 

Furthermore, as discussed above, power amplifiers exhibit a gain saturation at higher output power levels, i.e., a 
given change in the input power level produces a smaller change in the output power level. This reduction in gain of a 
power amplifier, in turn, reduces the gain of the closed loop and the bandwidth of the power control loop. Ideally, such 
parameters as the bandwidth and the gain of the closed loop should remain constant within the operating range of the loop. 

20 Using the compensator 38 helps to maintain these parameters constant 

Figure 8 shows a preferred embodiment of the logarithmic detector shown in Figure 7. The input 92 of the 
illustrated logarithmic detector 30 receives the RF signal CS which is converted to a DC voltage and fed to the output 94. 
Internally, the logarithmic detector 30 has a branched signal path between the input 92 and an adder 88 which is 
connected to the output 94. A first signal path comprises cascaded amplifiers 68, 70, 72 and detectors 82, 84, 86 which 

25 are connected in accordance with the structure of the logarithmic detector shown in Figure 7. 

A second path comprises an attenuator 90, amplifiers 74, 76, and detectors 78, 80. The attenuator 90 is 
interconnected between the input 92 and an input of the amplifier 74 which is operated as a gain buffer with unity gain. 
The output of the amplifier 74 is input to the amplifier 76 and also to the detector 80 which is connected to the adder 88. 
Stndarly, the output of the amplifier 76 is input to the detector 78 which is also connected to the adder 88. 

30 Each detector 78, 80, 82, 84, 86 is a full-wave rectifier which converts an RF signal into a DC voltage which is 

input to the adder 88. 

The attenuator 90 has a preset attenuation, for example, an attenuation of about 20 dB. In the second path, the 
portion of the incoming RF signal CS is first attenuated before the RF signal CS is detected, whereas in the first path, the 
RF signal CS is not attenuated. Advantageously, the logarithmic detector 30 allows detection signal having a higher power 
35 level so that the RF signal CS is detected without increasing the DC power consumption of the logaritiimic detector. 



BNSDOCID: <WO_9967893A1_l_> 




wo 99/67893 PCTAJS99/14045 

-10- 

Figure 9 shows a block diagram of a second embodiment of the dual band transmitter 1 shown in Figure 3B. The . 
second embodiment of the dual band transmitter 1 has a structure which is similar to the structure of tfie first embodiment 
of the dual band transmitter 1. Therefore, regarding a description of the general structure of the second embodnnent 
reference is made to the description of Figure 3B, and only deviations of this general structure are described hereinafter. 

5 A controller IV which is part of a control module 8' controls the switch 14 as described with reference to Rgure 

3B. The control module 8' also receives the control signals SEL, REF and ENABLE. 

In this second embodiment, the controller IT receives control signals CI, C2 which originate from the power 
amplifiers 4, 6, respectively. The control signal CI is indicative of a current drawn by a final amplification stage of an 
active power amplifier 4, which is shown in Figure 11 in greater detail. This current is an accurate indication of the RF 

10 power transmitted by the power amplifier 4. As long as the output impedance of the power amplifier 4 is constant, this 
measurement of the transmitted RF power is essentially independent from the radio frequency. 

Correspondingly, the control signal C2 is indicative of a current drawn by a final amplification stage of the power 
amplifier 6. It is contemplated that only an active power amplifier 4, 6 generates one of these control signals CI, C2 so 
that only one control signal CI, C2 is available at a time. 

15 As indicated in Figures 9, 10, the outputs 23, 25 of the power amplifiers 4, 8, respectively, are connected to a 

switch 31 within the control module 8'. Because only one control signal C1, C2 is available at a time, only one control 
signal CI, C2 is output from the switch 31 and input to the differential amplifier 32. Preferably, the switch 31 is 
electrically controllable, for example, a diode switch. 

The integrator 36 comprises the operational amplifier 37 and the capacitor 34 which determines the time 

20 constant of the integrator 36 as discussed above. The integrator 36 outputs a signal which corresponds to the 
accumulated difference between the control agnal REF and the selected control signal CI, CZ It is contemplated that a 
positive error {i.e, the reference signal REF is larger titan the control signal CI, C2) is added to, and that a negative error 
{i.e., the reference signal REF is smaller than tiie control signal CI, C2) is subtracted from the accumulated error signal. 

The integrator 36 is connected to tiie switch 14 which is controlled by the control signal SEL Depending on the 

25 position of tiie switch 14, the output of the integrator 38 is either input to a driver amplifier 40 for GSM900 operation or 
input to a driver amplifier 42 for OCS1B00 operation. Further components of the control module 8' are described above in 
connection with Figure 4. 

A schematic illustration of a powrar amplifier 4 is shown in Figure 1 1. The power ampBfier 4 comprises tiiree 
cascaded amplification stages 62, 64, 66, which are advantageously transistor stages, such as in the power amplifier 

30 devices RF130, RF230 available from Rockwell Semiconductor Systems. Otiier conventional power amplifiers are also 
acceptable. The first amplification stage 62 receives an RF signal, for example, the signal RF6SM as shown m Figure 9. 
The third amplification stage 66 outputs an amplified RF signal and feeds it to the antenna 2. Each ampTif ication stage 62, 
64, 66 is connected to a battery terminal BAT via a resistor R1, R2, R3, respectroely. The resistors R1, R2, R3 represent 
supply traces leacfing to tiie ampfification stages 62, 64, 66. The current drawn can be determined by measuring the 

35 voltage drop in the supply traces, i.e. across the resistor R3, leading to tiie final amplification stage 66. The power level of 
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the amplified RF signal is proportional to the drawn current so that a certain value of drawn current corresponds to a 
certain power level of the amplified RF signal. 

In addition to the advantage of sharing a common control module B' by the power amplifiers 4, 6, the second 
embodiment of the dual band transmitter 1 allows to overcome ififficul'ties in sampling, as the RF power level is not directly 
5 sampled but inferred from a low frequency/DC current measurement. This also removes a need for a radio frequency 
detector circuit Thus, measuring the drawn current provides a simple method of detecting the power level of an emitted 
RF signal and to use the drawn current in a power control circuit in a dual band cellular phone. 

Although this invention has been described in terms of certain preferred embodiments, other embodiments that 
are apparent to those of ordinary skill in the art are also within the scope of this invention. Accordingly, the scope of the 
1 0 invention is intended to be defined by the claims that follow. 
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WHAT IS CLAIMED IS : 

1. A cellular phone for a mobile communications system, said phone being operable at a first radio 
frequency band and a second radio frequency band comprising a dual band transmitter and an antenna, said dual band 
transmitter comprising: 

5 a first power amplifier, said first power amplifier having a first input for a first signal at said first radio frequency 

band, a second input for a first control signal and a first output for an amplified first signal, said first output being 
connectable to said antenna; 

a second power amplifier, said second power amplifier having a third input for a second signal at said second 
radio frequency band, a fourth input for a second control signal and a second output for an amplified second signal, said 

1 0 second output being connectable to said antenna; and 

a control module, said control module being associated with said first and second outputs to receive a portion of 
one of said amplified first and second signals, and generating one of said first and second control signals to control one of 
said first and second power ampfif iers, said control signal being a function of one of said first and second amplified signals 
and a reference signal. 

15 Z The cellular phone of Claim 1, wherein said first radio frequency band is about 900 MHz, and said 

second radio frequency band is about 1 800 MHz. 

3. The cellular phone of Claim 1, wherein said first radio frequency band is about 900 MHz, and said 
second radio frequency band is about 1 900 MHz. 

4. The cellular phone of Claim 1 , wherein said control module comprises: 

20 a detector, said detector having an input for a portion of an amplified signal derived from one of said 

snplified first and second signals, and an output for a detection signal indicative of the power level of said amplified signal; 

a comparator having an input which receives said reference signal and having an input which receives 

said detection signal, said comparator generating an error signal corresponding to a difference between said reference 

signal and said detection signal; and 
25 a shaping circuit said circuit weighting said Bmt signal in accordance with a predetermined desired 

power characteristic to generate said control sipal which accounts, at least in part, for nonlinear amplification 

characteristics of said power amplifiers. 

5. The cellular phone of Claim 4, wherein said comparator comprises a differential amplifier. 

6. The cellular phone of Claim 5, further comprising an integrator, said integrator integrating said en'or 
30 signal to output an integrated error signal, and wherein said shaping circuit weights said integrated error signal as said 

enror signal. 

7. The cellular phone of Claim 4, wherein said control module further comprises a switch, said switch 
being contraflable and feeding said control signal to one of said power ampfifiers. 
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8. The cellular phone of Claim 7. wherein said control module further comprises a first amplifier and a 
second amplifier, said first amplifier being connected to a first tenminal of said switch and driving said first power ampBf ier, 
and said second anvlifier being connected to a second temiinai of said switch and driving said second power amplifier. 

9. The celhilar phone of Claim 4, wherein said detector is a logarithmic detector. 

5 10. The cellular phone of Claim 9, wherein said logarithmic detector comprises a first signal path and a 

second signal path, said first and second signal paths being joined at an input of the logarithmic detector and at a summing 
stage associated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a first 
number of amplifiers and an equal number of detectors, each detector being interconnected between an output of an 
amplifier and an input of the summing stage, said second signal path comprising a serial arrangement of an attenuator, a 

10 second number of amplifiers and an equsd number of detectors, each detector being interconnected betwe^i an output of 
an amplifier and an input of the summing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first amplifier of the second signal path. 

11. The cellular phone of Claim 10, wherein said first signal path comprises three amplifiers and said 
second signal path comprises two amplifiers. 

15 12. A transmitter for a cellular phone comprising an antenna and being operable at a first radio frequency 

band and a second radio frequency band, said transmitter comprising: 

a first power amplifier, said first power amplifier having a first input for a first signal at said first radio frequency 
band, a second input for a first control signal and a first output for an amplified first signal, said first output being 
connectable to said antenna; 

20 a second power amplifier, said second power amplifier having a third input for a second signal at said second 

radio frequency band, a fourth input for a second control signal and a second output for an amplified second signal, said 
second output being connectable to said antenna; and 

a control module, said control module being associated with said first and second outputs to receive a portion of 
one of said amplified first and second signals, and generating one of said first and second control signals to control one of 
25 said first and second power amplifiers, said control signal being a function of one of said first and second amplified signals 
and a reference signal. 

1 3. The transmitter of Claim 1 2, wherein said control module comprises: 

a detector, said detector having an input for a portion of an amplified signal derived from one of said 
amplified first and second signals, and an output which, responshre to said input, provides a detection signal corresponding 
30 to said portion; 

a comparator having an input which receives said referoice signal and having an input which receives 
said detection signal, said comparator generating an error signal conresponiftig to a (fifference between said reference 
signal and said detector signal; and 
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a shaping circuh, said circuit weighting said error signal in accordance with a predetermined desired 
power characteristic to generate said control signal which accounts at least in part, for nonlinear amplification 
characteristics of said power amplifies. 

14. The transmitter of Claim 4, wherein said comparator comprises a differential ampfifier. 

1 5. The transmitter of Claim 5, further comprising an integrator, said integrator integrating said error signal 
to output an integrated error signal, and wher^ said shaping circuit weights said integrated en^or signal as said error 
signal. 

16. The transmitter of Claim 13, wherein said control module further comprises a switch, said switch 
being controllable and feeding said control signal to one of said power amplifiers. 

17. The transmitter of Claim 16, wherein said control module further comprises a first amplifier and a 
second amplifier, said first amplifier being connected to a first tenninal of said switch and driving said first power amplifier, 
and said second amplifier being connected to a second terminal of said switch and driving said second power amplifier. 

18. The transmitter of Claim 1 7, wherein said detector is a logarithmic detector. 

19. The transmitter of Claim 18, wherein said logarithmic detector comprises a first signal path and a 
second signal path, said first and second signal paths being joined at an input of the logarithmic detector and at a summing 
stage associated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a first 
number of amplifiers and an equal number of detectors, each detector being interconnected between an output oif an 
amplifier and an input of the summing stage, said second signal path comprising a serial arrangement of an attenuator, a 
second number of amplifiers and an equal number of detectors, each detector being interconnected between an output of 
an amplifier and an input of the summing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first amplifier of the second signal path. 

20. The transmitter of Claim 19, wherein said first signal path comprises three amplifiers and said second 
signal path comprises two amplifiers. 

21. A control module for a dual band transmitter in a cellular phone, said dual band transmitter comprising 
first and second power ampBfiers, said module comprising: 

a logarithmic detector, said detector having an input which receives a portion of a stgnd derived from 
an amplified RF signal, and an output, which in response to said input, provides a detection signal corresponding to said 
signal portion; 

a differential amplifier, said differential ampfifier havmg a reference input which receives a reference 

signal and having a detection signal input which receh/es said detection signal, said amplifier generating an error signal 

corresponding to a difference between said reference signal and said detector signal; 

an integrator, said integrator integrating said en'or signal and generating an integrated error signal; and 
a shaping circuit, said circuit weighting said integrated error signal in accordance with a predetermined 

power level characteristic to generate said control signal which accounts, at least in part, nonlinear amplification 

characteristics of said power amplifiers. 



wo 99/67893 PCT/US99/14045 

-15- 

22. The control module of Clabn 1 1, further comprising a switch, said switch being controllable and feeding 
said control signal to one of said power anfipUfiTC. 

23. The control module of Claim 18, further comprising a first amplifier and a second amplifier, said fh'st 
amplifier being connected to a first terminal of said switch and driving said first power amplifier, and said second amplifier 

5 being connected to a second tenninal of said switch and driving said second power amplifier. 

24. The control module of Claim 21, wherein said logarithmic detector comprises a first signal path and a 
second signal path, said first and second signal paths being joined at an input of the logarithmic detector and at a summing 
stage associated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a first 
number of amplifiers and an equal number of detectors, each detector being interconnected between an output of an 

10 amplifier and an input of the summing stage, said second signal path comprising a serial arrangement of an attenuator, a 
second number of amplifiers and an equal number of detectors, each detector being interconnected between an output of 
an amplifier and an input of the summing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first amplifier of the second signal path. 

25. A method for controlling an output power level of a dual band cellular phone, comprising the steps of: 
15 providing a dual band transnHtter comprising a single control module, and first and second power 

amplifiers which are coupled to an antenna; ^ 
activating one of said first and second power amplifiers; 
feeding an RF signal to said activated power amplifier- 
amplifying said RF signal with said activated power amplifier; 
20 feeding said amplified RF signal to said antenna; 

coupling a portion from said amplified RF signal; 
feeding said portion to said single control module; 

detecting said portion and generating a detector signal corresponding to said portion; 
comparing said detector signal with a reference signal to generate a control signal for said activated 
25 power amplifier; and 

feeding said control signal to the activated power ampfif ier to control the activated power amplifier to 
provide an amplified RF signal which is in accordance with a desired signal characteristic defined by the reference signal. 
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